Danshen is a commonly used traditional Chinese herb, but over twenty Salvia species are used as Danshen by local herbalists. In this study, twelve Salvia species from the plateau of Sichuan and Yunnan Provinces were collected, analyzed and compared with Danshen by HPLC. The results showed that most of the Salvia species were good sources of rosmarinic acid and tanshinones. The highest amount of both rosmarinic acid and tanshinone IIA were found in S. przewalskii Maxim. These results pave the way for a better therapeutic exploitation of these plants.
Danshen, the root and rhizome of Salvia miltiorrhiza Bunge, is one of the most commonly used traditional Chinese herbs accepted for the treatment of cardiovascular disease. The bioactive components of Danshen can be classified into hydrophilic salvianolic acids, such as danshensu, rosmarinic acid and salvianolic acid B (Sal B), and lipophilic tanshinones [1a,1b] . It was reported that over 20 Salvia species are used as Danshen for treatment of coronary heart disease by local herbalists [1c] . Accordingly, we can infer that quite a number of these may have pharmacological effects similar to S. miltiorrhiza.
In this study, we collected samples of twelve Salvia species, and obtained Danshen from representative regions. The samples were analyzed and compared by HPLC in order to clarify the chemical components. The content of each sample was calculated from the corresponding calibration curve. The specificity, linearity, accuracy, precision (intra-day and inter-day assay precision) and stability were evaluated according to guidelines of the Chinese Pharmacopoeia (CP) [2a]. The contents of danshensu, rosmarinic acid, salvianolic acid B, dihydrotanshinone I, cryptotanshinone, tanshinone I, and tanshinone IIA in all the samples are listed in Table 1 .
The current edition of the CP states that the contents of Sal B and tanshinone IIA in dry Danshen should not be less than 3.0% and 0.2%, respectively. Danshen total phenolic acids, the standard for the hydrophilic extract from Danshen, is listed in the CP, and the marker components are rosmarinic acid and Sal B. Tanshinones, the standard for the lipophilic extract from Danshen, is also listed in the CP, with the marker components being cryptotanshinone and tanshinone IIA. The two standard extracts are used for the preparation of different Danshen final products. Table 1 shows that danshensu was found in trace levels in all the samples. The main hydrophilic components were rosmarinic acid and Sal B, except for S. przewalskii var. mandarinorum (Diels) Stib., which contained only trace amounts of them. Although Sal B was the predominant component of Danshen, rosmarinic acid was the main component in the other eleven Salvia species.
The content of Sal B ranged from 3.9% to 10.9% in Danshen, which is higher than the CP requirement (3.0%). Danshen collected from Lijiang contained the highest level of Sal B (10.9%), which was far more than that of the other sources. This might be ascribed to sufficient sunlight and high altitude in Lijiang, Yunnan province (2400 m). The other species did not reach the CP level of Sal B.
It is interesting to note that all the samples contained more rosmarinic acid than Sal B, with the exception of Danshen. Rosmarinic acid, which has multiple biological activities including antioxidant, anti-thrombosis, inhibition of HIV-1 integrase, and inhibition of HIV-1 reverse transcriptase, occurs in Rosmarinus species, also family Lamiaceae, and several other families, for example Boraginaceae and Blechnaceae [2b,2c] . In our study, eleven Salvia species (0.54-2.64%) were good sources of rosmarinic acid, especially S. przewalskii (0.97-2.64%), S. flava (1.15-2.62%), S. prattii (1.48-2.19%), S. subpalmatinervis (1.78%) and S. evansiana (1.71%). Tanshinones show antibacterial, anti-inflammatory, anti-immunological, anti-allergic, antioxidant and antineoplastic activities [3a] . Table 1 , the tanshinone IIA content of Danshen was low, and the contents of dihydrotanshinone I, cryptotanshinone, and tanshinone I in all the samples were lower than that of tanshinone IIA. Most of the Danshen collected from the main product sources did not reach the level of tanshinone IIA required by the CP (0.2%). This result was consistent with earlier studies [3b,3c] . Yet, in contrast, some of the Salvia species collected were tanshinoneabundant plants. Compared with Danshen (total tanshinones 0.11-0.27%), S. przewalskii (0.53-0.99%), S. digitaloides (0.44%), S. trijuga (0.36%), S. yunnanensis (0.36%) and S. przewalskii var. mandarinorum (0.32%) were all good sources of tanshinones.
As seen in
In our study, all the Danshen samples had Sal B contents higher than the CP level; the value for the sample collected from Lijiang City reached 10.9%. However, only small amounts of Sal B could be found in the other Salvia species. Rosmarinic acid was the predominant hydrophilic compound in the eleven Salvia species. On the other hand, the content of lipophilic compounds in Danshen was low; of the seven Danshen samples, only one reach the CP level of tanshione IIA. Our report might be a good guide to exploit these Salvia species distributed in the plateau of Sichuan and Yunnan Provinces.
Experimental
Samples and standard reference solution: Roots of 12 Salvia species were collected in the plateau of Sichuan and Yunnan Provinces and authenticated by Professor Hao Zhang. The reference standards were isolated from Danshen by authors. The sample was pulverized and 0.25 g of powder (60 mesh), accurately weighed, was sonicated in 25 mL of 75% methanol for 60 min. All solutions were filtered through a membrane filter (0.45 μm) before injection.
Instrumentation:
The analyses were performed using a Shimadzu LC 2010C HPLC system. The column consisted of a Dikma Diamonsil reverse-phase C 18 column (5 μm, 4.6×250 mm) and a Dikma C 18 guard column. The mobile phase consisted of (A) 0.026% phosphoric acid in water, (B) acetonitrile, using a gradient program of 5-36% B for 0-30 min, 36-60% B for 30-40 min, 60-73% B for 40-60 min and 73-5% B for 60-75 min. The flow rate was kept at 1 mL/min, the column temperature at 30•C, and the UV detector was set at 280 nm.
